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The influence of altitude on the anaerobic and aerobic capacities of men in work,
Myhre, L, Go and S, Robinson. NASA NSG 408, December 31, 1967,

Abstract

Maximal aerobic and anaerobic capacities were measured on four men working
to exhaustion on a bicycle ergometer before, and on an ergometer and a treadmill
during a S-week sojourn on “hite Mountain (altitude of 3800 m), Two series of
postaltitude experiments were performed at Bloomington (26k m); the first
being an exact repatition at Bloomington of each subject's last performance
at altitude while in the second series the subjects continued on to complete
exhaustion. In the first 10 days at 3800 m maximal values for work capacity,
0o uptake, ventilation (STPD) and heart rate were markedly lower, but little
change was observed in oxygen debt and blood lactate following work as compared
with the values at Bloomington, During the remaining S weeks at 3800 m the
tolerance time for a fixed rate of exhausting work increased 16% without a
corresponding increase in maximal 02 consumption. Accompanying this increase
in work capacity were increases in lactate (30%) and 0, debt (5%) during
the stay at altitude. The increase in meximal work performance during
the stay at 3800 m is attfibuted to an increasing ability to utilize energy
from the anaerobic mechanisms and an improvement in the efficiency of work
on the ergometer in the men who were not accustomed to work on the bicycle.
Upon return to Bloomington maximal values for Oy debt, 02 uptake, ventilation
(STPD), duration of work and lactate were not only greater than the altitude
values, but also considerably higher than the prealtitude controls, “ork
that was exhausting at altitude proved to be relatively easy at 26L m;
this was shovm by higher but still submaximal Op uptake with corresponding
decreases in lactate and Op debt. The improvements observed in the men's
aerobic and anaerobic capacities during this experimental program were

probably the results of the training and altitude acclimatization,



Many studies have been carried cut during the past few years to determine
the effects of high altitude upon the aerobic capacities of men for work
(1-8, 7, 9-10)s The purpose of the present investigation was to study both
the anaerobic and the aerobic work capacities of men before, during and

following a S-week sojourn at high altitude.

PROCEIURE

This study was carried out at Bloomington, Indiana (264 m, P 743 mm Hg)
and Barcroft laboratory, White Mountain Research Station, California
(3800 m, P 488 mm Hg). The physical characteristics of the subjects are
given in Table 1. Subject SR is a former distance runner, nonsmoker and
in good physical condition. LM is a graduate student in physical education,
nonsmoker, maintaining an irregular physical fitness program. JN smokes
about 20 cigarettes a day and does not ordinarily participate in strenuous
physical activity., RG is a middle distance runner, nonsmoker, in good
physical condition which he kept up by a regular training program even
during the stay at Barcroft. During the stay at 3800 m all subjects expept
RG were much more active than usuwal. Each man went through two exhausting
work experiments and asuvally several submaximal work experiments every week
on a bicycle ergometer or a treadmill, Except for SR, who completed
two maximal work performances in as many days during the first week at
altitude, a schedule was planned to provide at least two days of light
work between the experiments requiring meximal effort. In addition to the
exercise experiments, much of the leisure time while at Barcrodt was spent
in outdoor activities such as hiking and mountain climbing., The stay at
alt itude was briefly interrupted about every 10 days by driving to the
valley below (1220 m, Py 666 mm Hg), for a few hours.

A von Dobeks bicycle ergometer was used in one series of Oy debt experiments.
Control experiments to determine maximal work capacity and oxygen debt were

carried out on the ergometer in Bloomington about 3 weeks before ascent to
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3800 m¢ Two series of exhausting oxygen debt experiments on the bicycle
were carried out at Barcroft; one 3 to 10 days after arrival and the other
near the end of the S-week period,

Upon return to Bloomington from the mountain (3800 m) the men performed
exact repetitioms of their last experiments at altitude. Since they were
not exhausted in the time required to exhaust them at altitude it was decided
to carry out another round of experiments on the bicycle in which the subject
continued on to complete exhaustion, This was delayed beyohd 2 weeks after
they had returned to Bloomington., In each bicycle experiment the subject
pedalled the ergometer without a load at a rate of 50 rpm far 15 minutes
before the exhausting work and his steady state of 02 requirement for this
activity was determined. At 15 minutes the brakeload was quickly set at
the level which was previously found at Bloomington to exhaust him in about
5 minutes. The subject continued to work on the bicycle until he reached
complete exhaustion in all except the first test made after returning to
Bloomington in which he stopped work at the same time at which he reached
exhaustion in the final test at Barcroft. At the end of work in each
experiment the brake was released to zero resistance and the subject continued
to pedal at the same rate without a load during a 35-minute recovery period.
Measurements of respiratory exchange were terminated at this time because
the bicycle seat became uncomfortable and the subjects could not continue
ﬁedaling in a relaxed steady state.

The use of a treadmill to determine work capacity at high altitude has
been, for the most part, neglected due to the physical problem of transporting
such a large piece of equipment to nearly inaccessible places. Upon arrival
at Barcroft, however, we were surprised to find that a small human treadmill
would be available to us for the length of our stay. We took advantage of
this opportunity to add exercise on the treadmill to our experimental
program. This was deemed desirable, particularly since our subjects were

more accustomed to running on the treadmill than riding on the ergometer.



The first Op debt experiments on the treadmill were carried out on three
subjects during the last half of the stay at 3800 m. Within two weeks after
descending to 26L m control experiments were carried out on two of the men
working at the same rate 4nd.for the same leneth of time on the treadmill
as in the experiments on the mountain (RG was unable to take part in this
experiment in Bloomington), This work was not exhausting for SR and LM at
Bloomington and it was decided to perform another round of treadmill experiments
on all 3 men in vwhich the work rate was increased and the men continued to
exhaustion. 02 debts and blood lactates were determined with the men reclining
during recovery following each of the treadmill rums.

A1l oxygen debt experiments were performed in the morning with the subjects
in the post-absorptive state. The subjects bre~thed outside air through a
bigh~velocity low resistance respiratory valve in all experiments. Expired
air was collected in a 600-liter Tissot gasometer during the run and in
Douglas bags during the first few minutes of recovery while the gasometer
was being emptied in oreparation for collections in recovery. The detailed
procedure for determining respiratory exchange and oxygen debt in the runs
and recoveries is described in Part IT of this report.(9). All expired air
samples for analysis were drawn into 50-ml syringes lubricated with ethylene -
glycol and analyses were made on the Haldane apparatus. Lactate was
determined by the enzyme method (11) on blood samples drawn from an arm vein

at approximately S5 minutes of recovery.

RESULTS AND DISCUSSION

During the first 48 hours at 3800 m all sdbjects; except JN, experienced
headache and found it difficult to sleep at night. All men except one, (RG)
showed a slight decrease in weight during the first two weeks at altitude, but
had regained the loss toward the end of the S-week period. The men!s weights
presented #n Table 1 are from the control experiments after descent from

3800 m and are almost identical with the weights at the end of the stay



Table 1., Characteristics of subjects

Subject hge, years | Height, cm | Weight, kg
SR A 175.L él.1 |
M 28 188.0 7L.L

JN 30 182.0 106.8

RG 20 181.7 71.4
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Bicycle ergometer experiments. In the first experiments at 3800 m the

average maximal valdes for oxygen consumption (602), blood lactate and heart
rate (HR) in the exhausting bicycle experiments were reduced 19, 1lh and 13%
respectively while the oxygen debt (02 debt ) was unchanged from the control
values previously determined at Bloomington (Table 2 and Figs. 1 and 2).
Associated with these changes was a 31% reduction in the time the men could
continue working before exhauation., Numerous workers have previously observed
a reduction in 602 max at high & titude (1-5, 10, 12, and part VIII of this
report)s Reports in the literature differ regarding the maximal values of
blood lactate and heart rate in exhausting work. Edwards (6) found as we
have a reduction in man?s ability to increase blood lactate in exhausting
work at altitude while Buskirk et al. (3) found essentially no difference in
lactates of 6 untrained runners following exhausting work on the ergometer

at altitudes of 4265 and 295 m, The effect of high altitude on maximal heart
rate is still a controversial gquestion. Niumerous investigators (5, 7, 9, 10)
have reported a reduction in HR max during the first days, weeks, or even
months at high altituce. On the contrary, Balke et al. (2) and Buskirk et al.,
(3) reporting on work performed at 2800 and L4265 m respectively found no
significant depression in HR max. Our date confirm the former studies in
that we found HR max to be depressed an average of 13% three to ten days
after arrival at 3800 m.

During the S5-weeks stay at altitude the average work cavacity or work
time increased by 16%; this was accompanied by no significant increment in
aerobic (V02 max) and only a slight increase in anaerobic (0, debt) energy
available for the work., This indicates that an improvement in the efficiency
or economy with which the men could work on the bicycle contributed to the
improvement in work capacity. An improvement in efficiency in turn suggests
a training effect in the men resulting from their frequent work on the
bicycle during the stay at altitude. Buskirk et al. (3) reported that although

no increases were observed in 602 mex, O> debt or lactate, not only did their
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wre 1, Average maximzl values of ventilation (Vg), oxvgen uptake (?Oz) and oxygen
debt of four men in exhausting work on a blcycle ergometsr at Blcomington
(26 m) and during 35 days at White Mourntain (3800 m). The points
connectediwith broken lines represent repetitions at Bloomington of each
subject's best nerformance at White Mountain which was exhausting at
altitude but not exhausting after descent to Bloomington,

130

o\ Ty A77777'77'77‘7‘77‘7'ﬁ -ém

1 ! L 1 !
o) 5 10 1:3 2O 25 30 35

DAYS AT ALTITUDE




Figure 2, Averape values of blood lactate, Leart rate, and duration of work of the
four men in experiments described in Fig., 1.

130~ : L -

© =
O O
T T

BLOOD LACTATE MG %
~3J
.O
I

S0k

1901

170

HEART RATE

150~ : -

DURATION OF WORK
w
1

ALT IN

3 - 7 |
. "O"O__ ¥ i7 7,00 7 7 7 o 2 o o7 2 4 A%W_m

! L ! I 1 1 1 1 I I
0 S 10 15 20 25 30 35

VDAY”SA AT ALTITUDE




b

trained runners increase their work capacity on the bicycle ergometer, but

by the 48th day at altitude some even surnassed their prealtitude values. We
interpret this as an improvement in the efficiency of the men in bicycle work
similar to that shown by our subjects, In the present study the average

blood lactate concentrations following the exhausting bicycle work experiments
increased from 63 to 82 mg% during the stay at altitude and this was associated
with, and probably provided the stimulus for, a 17% increase in pulmonary
ventilation (ﬁE max at STPD) during the exhausting work., It is interesting
that the increased ventilation was not accompanied by some increase in

602 max and this indicates that even at high altitude pulmonary ventilation

was not a limiting factor in determining the maximal O2 consumptions of the

men in work. The average HR max increased only slightly during the S-weeks at
3800 m. This indicates that reduced cardiac output may be the principal factor
limiting ﬁOZ max at altitude, particularly since Pugh (10) has found that a
reduction of meximal heart rate at altitude is accompanied by a reduction

in maximal heart output.

Following the return from the mountain to Bloomington the average maximal
values of the men's ﬁ02, 0, debt, blood lactate and ﬁE (STPD) in the exhausting
work experiments were greater by Ll, 10, 42 and L% respectively than the
values observed near the end of the 5-week sojourn at altitude (Table 2 and
Figs. 1 and 2), Compared with the original prealtitude controls, these
postaltitude maximal values for 602, 0, debt, blood lactate and ﬁE (STPD) were
greater by 16, 16, 58 and 33% respectively. As a result of, and in line with
these substantial increases, meximal performance times for a fixed rate of work
in the postaltitude experiments were much greater than those observed in either
the altitude or the prealtitude experiments. The average HR max observed at
Bloomington following the sojourn on the mountain were about the same as the
original prealtitude control values.

Following descent exact repititions at Bloomington of the rate and time
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of the work performed in the final exhausting experiments at altitude were

not exhausting for the men because the average V. was higher than at altitude

02
but still, except for SR, considerably below their maximal capacities at the
lower altitude. Iactate and O, debt were much lower than the high altitude
values for these experiments in all subjects except LM, who was recovering
from a gastrointestinal infection contracted during the last days on the
mountain, The increase in 602 in exact repititions at Bloomington of the
experiments on the mountain were due to increased Oy saturation of arterial
blood, and hence increased Op supply to the skeletal and cardiac muscles,
Heart rates were a2bout the same at Bloomington as the subnormal maximal rates

in the exhausting work at altitude, indicating greater stroke volume.

Treadmill experiments. Upon returning to Bloomington from White

Mountain the men showed improvements in performance of work on the treadmill
similar to their improvement in performance on the bicycle ergometer (Tables

2 and 3), Exact repititions by two of the men of the rates and times of

the treadmill runs which exhausted them at altitucde were not exhausting at
Bloomington., The average 602 in these runs was about the same as at altitude,
but values of lung ventilation, blood lactate and O, debt were even more reduced
in these experiments at Bloomington than they were in exact repititions of the
bicycle experiments as performed on the Mountain,

Since repeating the runs which had exhausted them at White Mountain did
not exhaust them at Bloomington, experiments were carried out at the lower
altitude in which the men performed harder runs on the treadmill and
continued to exhaustion (Table 3). In these exhausting runs they demonstrated
marked improvements in work capacity, associated with average increments of
35, 52, L0 and L% in Vo, max, O, debt, blood lactate and Vg mex (STPD)
respectively over values observed on them in the exhausting treadmill runs
on White Mountain, These increments are comparable with those shown in the
exhausting bicycle experiments after returning to Bloomington, except that

the dncrease in maximal 0o debt was greater in the treadmill experiments. This
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is probably due to the fact that the 02 debts following the treadmill runs

were determined with the subjects resting during recovery, while they exercised
aerobically during recovery in.the bicycle experiments. Data in part II

of this report show that the 02 debt is lower if subjects exercise at a constant
aerobic rate during recovery.

The increments in blood lactate following the runs at Bloomington as
compared with the values observed at altitude confirm Klausen's (9) results
reported in part VIII of this report and are in line with the results of
Edwards (6). This effect was probasbly not a training effect since the
men were accustomed to treadmill work and had no practice in running from

the time of the exhausting treadmill experiments on the Mountain and those

after returning to Bloomington,
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